on behalf of the PAART study investigators Objectives: We quantified concomitant medication polypharmacy, pharmacokinetic and pharmacodynamic interactions, adverse effects and adherence in Australian adults on effective antiretroviral therapy.
Introduction
Most HIV-infected patients in resource-rich settings are successfully treated with combination antiretroviral therapy (ART) [1] [2] [3] . However, up to two-thirds of these patients take a concomitant medication to mitigate ART side effects and/or to treat comorbid conditions [4] [5] [6] . Concomitant medication use is more prevalent in those with HIV than in the general population [5] and has been associated with older age, female sex, obesity and hepatitis B/C coinfection [4] [5] [6] [7] . Concomitant medications could complicate HIV care by contributing to polypharmacy, interactions, side effects and suboptimal adherence.
Polypharmacy (commonly defined as use of five or more medications [8, 9] ) is associated with increased risk for morbidity, nonadherence, drug interactions and side effects in the general population [4, 6, 9, 10] , and is more common in HIV-infected adults than in the general population [4, 11, 12] . Polypharmacy increases with age [11, 13] , but is likely underestimated given that most studies in HIVinfected adults only account for prescribed medicines [4] . Polypharmacy of concomitant medications in HIV has been associated with adverse drug reactions leading to hospitalization [9] and suboptimal adherence to ART [14] ; however, others have shown that initiation of concomitant medication is favourable to ART adherence [15] .
Concomitant medication use in HIV-infected adults increases the risk of pharmacokinetic interactions, particularly in patients receiving a boosted protease or nonnucleoside reverse transcriptase inhibitor (due to cytochrome P450 3A inhibition) [6, 16] . Furthermore, pharmacodynamic interactions between ART and concomitant medications can result in additive, antagonistic or synergistic effects of one or the other medication [17, 18] . Contraindicated combinations of ART and concomitant medications have been found in 2-7% of ART-treated patients [6, 19] . In one cohort, clinically significant drug-drug interactions (DDIs) were found in 27% of patients, and only 35% of these were correctly identified by clinicians [20] .
Side effects of ART include nausea, diarrhoea, fatigue, sleep disturbance, myalgia, rash, lipodystrophy and peripheral neuropathy. Concomitant medications may cause similar adverse effects, and it is unknown if adverse effects are more prevalent in those who take concomitant medications or have polypharmacy.
Although there are some data on concomitant medication use and pharmacokinetic ART interactions, recent data on nonprescription medication are sparse, and potential risk factors for polypharmacy have not been evaluated against a broad range of clinical, socio-economic and behavioural parameters. Also, there are no data on adverse effects in HIV-infected patients taking concomitant medication.
Adherence to concomitant medications is important to successful HIV care and patient outcomes related to comorbidity management. Adherence to medication in general is impacted by socio-economic factors, healthcare team/system-related factors, condition-related factors, therapy-related factors and patient-related factors [21] . However, factors related to concomitant medication adherence in HIV patients treated with ART have not been evaluated. Furthermore, the relationship between ART adherence and adherence to concomitant medications is not addressed in the literature.
We previously established a national cohort of Australian adults to evaluate risks for ART failure [22] . The study recorded concomitant medication use. In the present analysis, we evaluated concomitant medication use, polypharmacy, drug interactions, adverse effects and adherence, including risks for polypharmacy and imperfect adherence.
Methods
HIV-infected adults were eligible if they were on ART, had an undetectable HIV plasma viral load, could complete study assessments (interpreter permitted) and had prerequisite standard-of-care blood results available [HIV RNA, CD4
þ T-lymphocyte cell count, haemoglobin, estimated glomerular filtration rate (eGFR) and alanine aminotransferase].
Participants were enrolled at 17 Australian sexual health clinics, hospital clinics and high HIV-caseload general practice sites between September 2013 and November 2015 [22] . Ethical approval was obtained from the Human Research Ethics Committee at each study site, and all participants provided written, informed consent.
We aimed to enrol a representative sample of patients from each site, not excluding patients from any demographic. Sites were instructed to invite all eligible participants sequentially (e.g. every patient at a given clinic or on a clinic day) to avoid selection bias. Enrolling patients at all sites of HIV care (sexual health clinics, hospital clinics and high HIV-caseload general practice sites) allowed for a sample that did not preference only those who may have more complex needs (e.g. those at a hospital site) or, conversely, a younger, more recently diagnosed demographic (e.g. those at a sexual health clinic). Enrolment procedures have been more extensively described previously [22] . The enrolled cohort was diverse and reflective of the HIV epidemic in Australia [23] .
Study assessments are described in detail elsewhere [22] . A 204-item questionnaire completed on a dedicated laptop assessed the following themes: socio-demographics, financial and employment status, health care, treatment access, physical health, mental health, quality of life, drug and alcohol use, life stressors, social supports, HIV disclosure, HIV stigma, ART regimen (side effects, use and adherence), ART-related necessity beliefs and concerns and concomitant medication use [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Brief neurocognitive screening was completed (Cogstate [35] ). Medical and HIV history, serious non-AIDS events (SNAEs) [36] , comorbidities, sexually transmitted infections and laboratory data were collected.
Baseline data are presented descriptively as frequencies, percentages and sample means or medians. Multivariate analyses were conducted to determine factors associated with polypharmacy and imperfect concomitant medication adherence [including sensitivity analyses using backward-stepwise and enter (standard) methods of logistic regression, which yielded similar results (data not shown)].
Polypharmacy
Polypharmacy of concomitant medications was defined by use of at least five concomitant medications and included use of over-the-counter and alternative medications (but not ART) [8, 9] . Polypharmacy was assessed using bivariate analysis with all other covariates, significant covariates (P < 0.05) were included in a forward-step logistic regression model.
Contraindicated medication use, pharmacokinetic or pharmacodynamic interactions
Concomitant medications were examined for DDIs with ART against each product label (Therapeutic Goods Administration Australia and USA Food and Drug Administration current approved) and cross-checked with the University of Liverpool HIV drug interactions database [37] . Combinations were classified as 'no known DDI', 'potential DDI' or 'contraindicated'. Potential DDIs were those listed as having insufficient evidence on coadministration, or evidence of pharmacokinetic or pharmacodynamic interaction, with coadministration accompanied by a caution to prescribers (e.g. increased monitoring, dosage adjustment). Contraindications were identified where there was explicit advice against coprescribing under United States, Australian or European ART guidelines. We did not examine potential DDIs between concomitant medications.
Adverse effects
Pearson's chi-squared test was used to evaluate the relationship between concomitant medication use and between polypharmacy of concomitant medications with each of the following symptoms: nausea, diarrhoea, fatigue, sleep disturbance, muscle pain/weakness, rash, peripheral neuropathy and self-reported lipodystrophy, which could be any fat redistribution.
After analysing adverse effects for associations with polypharmacy, we undertook regression analysis adjusting for comorbid disease burden. Using the previously validated Charlson comorbidity index [38] , participants were assigned a score based on the presence or absence of 17 comorbid conditions, with higher scores indicating higher disease burden and mortality risk. All participants were assigned a baseline score of 6 as per the Charlson score for HIV-infection; the index score was entered into the model as a continuous variable, with the binary variable 'polypharmacy: yes or no' also in the model.
Concomitant medication adherence
Imperfect concomitant medication adherence was defined by patient-reported interruption in the previous 12 months. Covariates were assessed by bivariate analysis with concomitant medication self-reported adherence. Covariates significantly associated with adherence at bivariate analysis (P < 0.05) were included in a forwardstep logistic regression model. 
Results

Participants
Baseline characteristics of the 522 participants (significant for concomitant medication use and polypharmacy) are shown in Table 1 . Four hundred and ninety-four (94.6%) were men, mean age was 50.8 years (SD 12.3), median Table 1 . Sample characteristics by concomitant medication exposure (significant covariates).
Concomitant medications
Total sample, n ¼ 522 
Concomitant medication use
Of the 522 participants, 392 (75.1%) took at least one concomitant medication, and 363 (92.6%) of those had at least one prescribed medication (versus over-the-counter, herbal/alternative medications). Among participants who took a concomitant medication, the daily concomitant pill burden was 6.0 (SD 4.5), whereas the sample ART daily pill burden was 1.2 (SD 0.4). The most common classes of concomitant medications taken were cardiovascular agents, nonprescription (vitamins, minerals and alternative therapies), antidepressants, endocrine agents and antiinfectives (Fig. 1) .
Polypharmacy
Of those on a concomitant medication, 122 (31%) took at least five concomitant medications (23% of all participants). Covariates significantly associated with polypharmacy in bivariate analysis are listed in In bivariate analyses, a higher Charlson index score was associated with the adverse effects of lipodystrophy (P ¼ 0.001) and peripheral neuropathy (P < 0.001), but not with any of the other adverse effects reported. When adjusted for disease burden (using the Charlson index score), polypharmacy remained significantly associated with diarrhoea (AOR 1.9, 95% CI 1.1-3.0, P ¼ 0.013), Results of the bivariate analyses of concomitant medication adherence are shown in Table 3 . Four covariates were independently associated with imperfect concomitant medication adherence requiring financial support (AOR 27.8), foregoing necessities for financial reasons (AOR 11.1), good or very good self-reported health (AOR 14.1) and at least 1 bed day for illness in the previous 12 months (AOR 14.0).
Discussion
In this sample of HIV-infected Australian adults, 75% took a concomitant medication, and 54% of participants had one or more of polypharmacy (23%), pharmacokinetic or pharmacodynamic interaction (45%) or contraindication (3%). Over 700 potential DDIs were identified. Sixty (11.5%) reported imperfect concomitant medication adherence. Multiple adverse symptoms were more common in those taking concomitant medication.
Over 90% of patients taking a concomitant medication took at least one prescribed concomitant medication, but many were also on complementary/alternative medication and over-the-counter preparations. Patient disclosure of over-the-counter or complementary therapy usage is often underestimated [39] . One meta-analysis of 40 studies investigating complementary medicine use in HIV-infected adults found an average of 60% of patients use complementary medications -more likely in MSM, nonminority, better educated and less impoverished patients [39] .
In our sample, financial barriers were associated with imperfect adherence to concomitant medications, whether this more specifically related to complementary medicines is unknown. Participants also self-reported taking prescription medications recreationally, as well as other classes of recreational drugs at similar rates to other Australian surveys [40] .
The mean age of our cohort was 51 years, and over half (56%) had at least one known comorbidity. This is consistent with other cohorts that have found at least one comorbidity in 58 [41] to 70% [42] of HIV-infected patients over 50 years of age. Noncommunicable diseases, and multiple conditions at once, are more common in HIV-infected adults than in the general population [41, 43] , and increase with age [42] . In fact in one study, the prevalence of at least two noncommunicable diseases in HIV-infected adults across all age groups was similar to the prevalence of those 10 years older in the general population [41] . In our cohort, polypharmacy was independently associated with a low eGFR and a diagnosed comorbidity/SNAE; these findings support the literature reporting that the likelihood of polypharmacy increases with age [4] , and the high proportion of concomitant medications and polypharmacy in our cohort is not surprising given the high rates of comorbid conditions.
HIV care at a hospital-based clinic or a general practice site also independently associated with polypharmacy; those managed at a sexual health clinic/service may have fewer chronic medical needs (or alternatively the need for concomitant medications was less well scrutinized). Clinical trial participation was also significantly associated with polypharmacy. Patients who are selected for clinical trial participation may be more engaged in care, compliant, motivated or health-seeking, thereby also more likely to initiate and remain on a concomitant medication. The only recreational drug class to maintain significant association with polypharmacy was benzodiazepines. Participants self-reported nonprescribed benzodiazepine use with other commonly used recreational drugs, and participants may have over-reported (providing detail regarding prescribed use).
Given that ART usually consists of three antiretroviral agents (either individually or coformulated), our definition of polypharmacy was conservative, as participants defined as having polypharmacy were in fact mostly taking at least eight medicines [4] . Had we included antiretroviral medications in our definition of polypharmacy, the proportion taking at least five medications would be 59% (not 23%).
As pill burden (in addition to polypharmacy) is associated with nonadherence to medications in the literature, the positive gains of STRs for ART may be offset by the higher concomitant medication pill-burden, potentially reducing both ART and concomitant medication adherence. The benefit of single-tablet ART regimens might, therefore, be more effective if concomitant medications were likewise coformulated and minimized as much as possible. However, an Italian study found patients with polypharmacy were less likely to be on a single-tablet ART regimen, hypothesizing this may be a prescribing choice made due to the restricted capacity to manage drug interactions and the decision to avoid pharmacodynamic interactions caused by tenofovir disoproxil fumarate or abacavir (commonly found in coformulated ART at the time of analysis) [44] . New STRs with less likelihood for interactions are required.
Contraindicated ART-concomitant medication combinations were uncommon (3%), a similar prevalence to that found in the Swiss cohort study (2%) [6] and a large US cohort (7%) [19] . Potential DDIs were far more common, but their clinical relevance is unknown. Further work evaluating dosing modifications and clinical monitoring adjustments made to prevent or monitor DDIs, and longitudinal studies of patient outcomes would be useful to determine the clinical importance of the DDIs.
Our analysis is novel in its finding that polypharmacy of concomitant medication was significantly associated with diarrhoea, lipodystrophy, fatigue, muscle pain/weakness and peripheral neuropathy. These symptoms may represent adverse effects of ART or of concomitant medications, or may indicate use of concomitant medications to alleviate adverse effects. We adjusted for the presence and severity of comorbidities using the Charlson index, a validated measure of disease burden [45] ; this index provided an objective tool to evaluate the impact of comorbidities in analysing the association between polypharmacy and adverse effects. Three of the five adverse effects remained statistically significantly associated with polypharmacy after adjustment for Charlson score: diarrhoea, fatigue and peripheral neuropathy. Although our data are unable to clarify causality, this finding is notable in that polypharmacy is associated with adverse effects even when adjusted for comorbid disease burden.
Of the above symptoms, it is perhaps more likely that lipodystrophy and neuropathy are ART related, given that they are known side effects of ART; although fatigue and myalgia may be more likely to be concomitant medication related, as these symptoms are not likely to lead directly to prescription of concomitant medication. The adverse effects examined are unlikely due to HIV per se, as all patients had undetectable viral loads and the vast majority (90%) had a CD4 þ T-lymphocyte cell count more than 350 cells/ml. Imperfect adherence to concomitant medication was independently associated with financial burden (requiring financial support, or going without necessities for financial reasons) and overall wellness (self-reported good/very good general health, or having 1 bed day for illness in the previous 12 months). These seemingly paradoxical results suggest that participants are less likely to take their concomitant medications when they are feeling much worse or very well. Conversely, some participants might be reporting poorer health as they don't take all of their concomitant medication, or ART.
We hypothesized that participants who took concomitant medications or had polypharmacy of concomitant medications would be less adherent to their ART. In our cohort, participants were more likely to be nonadherent to concomitant medications than ART. However, in regression analysis, the association between suboptimal concomitant medication adherence and suboptimal ARTadherence did not maintain significance. Furthermore, polypharmacy was not associated with suboptimal ART adherence. Others have found HIV patients to prioritize ARTover concomitant medications; one small single-centre study demonstrated a higher level of necessity scores and lower concern scores for ART than concomitant medications, increasing for those patients on at least two concomitant medications [46] . Our questionnaire only assessed necessity and concern scores for ART and we are, therefore, unable to compare these with beliefs regarding concomitant medications in our cohort. However, the higher level of adherence to ART than concomitant medications may indicate participants prioritise ART over concomitant medications.
A previous analysis examined suboptimal ART adherence in this cohort [22] . The covariates independently associated with suboptimal ART adherence and with concomitant medication adherence were the socioeconomic variables of financial strain in this analysis, whereas in the prior analysis, it was living in subsidized housing. It may be participants who are under financial strain prioritize ART maintenance over concomitant medications. However, financial strain was significantly associated with both ART and non-ART adherence.
Our study has limitations. We reported on a mainly male population of HIV-infected adults enrolled in a country where medications are highly subsidized. However, the enrolled cohort is demographically representative of HIV-infected patients in Australia and other cohorts such as the Australian HIV Observational Database [23] . These results cannot necessarily be generalized to women or children, or to countries with different socio-economic contexts or without universally subsidized healthcare systems. In our sample, it is unknown which concomitant medications were interrupted. Our data are crosssectional, so we were unable to evaluate whether any harm was incurred due to pharmacokinetic/pharmacodynamic interactions. This study did not ask for data on concomitant medication dosage, so we are unable to report on dose adjustments that might mitigate potential DDIs. In our effort to design a comprehensive study looking at a wide range of medical, socio-demographic and social variables we assessed a large number of variables that create a risk of collinearity. However, sensitivity analyses were performed to ensure key variables were consistently significant across all models.
As HIV-infected patients continue to live longer, it is important to manage concomitant medications, so that they do not cause harm or reduce ART adherence or potency. Over half of our sample had one or more of polypharmacy or drug interaction; efforts should be made to minimize polypharmacy, to develop new antiretrovirals with fewer drug interactions and to prescribe concomitant medications that do not cause side effects.
